ABSTRACT Some characteristics of the gravity sensing mechanism in maize root caps were investigated using a bioelectric current as an indicator of gravity sensing. This technique involves the measurement of a change in the current density which arises at the columella region coincidently with the presentation time. Two inhibitors of auxin transport, triiodobenzoic acid and naphthylphthalamic acid, blocked gravitropic curvature but not the change in current density. Two inhibitors of calmodulin activity, compound 48/80 and calmidazolium, blocked both curvature and gravityinduced current. The results suggest that auxin transport is not a component of gravity sensing in the root cap. By contrast, the results suggest that calmodulin plays an intrinsic role in gravity sensing.
A method for detecting gravity sensing independently of subsequent growth components ofgravitropism (1) makes it possible to probe the nature of gravity sensing through the use of metabolic inhibitors.
The best-known inhibitors of gravitropism in roots are known to be inhibitors of auxin transport (17, 18) . Although auxin redistribution may regulate gravicurvature in coleoptiles (6, 15), auxin redistribution was not detectable in roots (15). It is not clear whether auxin transport inhibitors block gravity sensing or whether they are involved in subsequent steps in gravitropism. Ifthe gravity-induced current shift is not inhibited by antagonists of auxin transport, it would suggest that auxin transport is not a component of gravity sensing.
There is increasing evidence that calmodulin is involved in gravitropism of roots. In maize varieties which require red light to induce root gravisensitivity, mRNA coding for calmodulin increases within 5 min ofexposure to light (U Feldman, personal communication). There is a marked increase in calmodulin activity in the root cap which parallels the increase in gravisensitivity (23). Calmodulin is primarily localized in the sensing cells of the columella (14, 21 Vibrating Probe. The vibrating probe apparatus was assembled as described by Bjorkman and Leopold (1). In principle, it is a spherical electrode of 25 ,m diameter vibrating along its axis with a total displacement of 30 um. This makes it a very rapid and extremely sensitive detector of electric potential gradients (which reflect currents) in aqueous media. The probe tip was held 100 ,m from the surface of the root 500 ,m back along the root from the tip of the cap, so that it was adjacent to the columella.
Gravistimulation was effected by rotating the entire apparatus 90°; the current was continuously monitored. The suspending buffer around the roots was 0.1 mM CaCl2, 0.1 mM MgCl2, 0.1 mM KCI, and 1 mm morpholinoethanesulfonic acid adjusted to pH 6.0 with KOH.
Inhibitors. TIBA3 is a competitive inhibitor of auxin transport (18), and of calcium transport (12). TIBA at 10 ,uM slows auxin transport in maize coleoptiles by 90% (3). Gravitropic curvature in pea roots (7) and in maize roots (12) is completely inhibited by 10 Mm TIBA. TIBA (Sigma) was recrystallized from ethanol with water. For use it was dissolved in ethanol, then diluted with water so that the final ethanol concentration was less than 100 parts per million. (Fig. 1) . In roots gravistimulated in suspending buffer supplemented with 10 Mm TIBA, an outward current developed adjacent to the upper side of the columella (Fig. 2) .
Pretreating root tips with 1 ,M NPA for 15 min caused a 1 h delay in the onset of curvature, while 10 M completely inhibited it (Fig. 3) . These treatments did not affect the growth rate, though 100 AM did slow growth by about 70%. After treatment with 1 Mm NPA, an outward current appeared on the upper side of the columella region upon gravistimulation (Fig. 4) 
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control roots was that the response in the NPA treated roots was delayed. Calmodulin Inhibitors. To test the possible role of calmodulin in gravity sensing, calmodulin inhibitors were applied to root tips to test whether the sensing-induced current shift was inhibited. Roots that were pretreated with 100 ,ug ml-' of compound 48/80 in suspending buffer showed a complete inhibition of curvature for 1 h of gravistimulation, but by 2 h the roots had begun to curve in a normal manner (Fig. 5) . Measurement of currents adjacent to the columella in roots pretreated with 100 ,ug ml-' 48/80 showed no change following gravistimulation (Fig.   6) .
Similar experiments were carried out with roots which had been pretreated for 10 min in 0, 100, and 425 gM calmidazolium in suspension buffer with 5% ethanol. Curvature was delayed 1 h in 425 Mm CMZ, but a normal rate of curvature resumed after 2 h (Fig. 7) . In root tips pretreated with 425 uM CMZ for 10 min the current density adjacent to the columella did not change following gravistimulation (Fig. 8) (19) suggest that lateral distribution of a growth inhibitor occurs in root tissue proximal to the root cap, in response to a signal originating in the root cap. 
